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ABSTRACT 


The  Cost  Benefit  Analysis  of  a  Waste  to  Energy  (WtE)/Coneentrating  Solar  Power  (CSP) 
Hybrid  Eacility  loeated  on  Port  Bliss  is  a  eomprehensive  analysis  of  the  eosts  and  benefits 
of  a  WtE/CSP  facility  to  the  Army.  Since  no  capital  or  operating  costs  are  required  from 
the  Army,  the  increased  cost  of  electricity  becomes  the  overarching  cost.  This  thesis 
attempts  to  monetize  the  benefits  of  energy  security,  environmental  impact,  meeting 
legislative  mandates,  and  meeting  Net  Zero  Energy  goals.  Both  Congressional  legislation 
and  Executive  orders  dictate  the  increased  consumption  and  production  of  renewable 
energy  by  federal  agencies.  WtE/CSP  presents  a  strategy  toward  achieving  these 
mandates,  and  Port  Bliss  is  well  located  to  capitalize  on  this  strategy.  This  thesis 
estimates  those  costs  and  benefits  based  on  available  data.  Those  estimates  are  discounted 
for  time  and  adjusted  for  inflation.  The  thesis  then  conducts  sensitivity  analysis  around 
potential  variations  in  the  data  to  explore  changes  to  the  monetized  values. 
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EXECUTIVE  SUMMARY 


As  the  nation’s  largest  single  consumer  of  energy,  the  Department  of  Defense  (DOD)  has 
become  a  leader  in  developing  American  energy.  As  part  of  that  leadership,  DOD  has 
committed  to  obtaining  25  percent  of  its  electricity  from  renewable  sources  by  2025.  As 
our  nation  becomes  more  aware  of  the  dangers  of  energy  dependence  and  the 
environmental  impacts  of  fossil  fuel  consumption,  DOD  is  actively  seeking  partnerships 
to  meet  the  challenges  of  energy  security.  During  these  tough  economic  times,  large 
projects  are  often  dominated  by  the  financial  bottom  line.  As  a  leader  in  energy  security 
and  environmental  stewardship,  DOD’s  bottom  line  includes  impacts  to  national  security 
and  the  environment.  In  line  with  President  Obama’s  “all-out,  all-of-the-above”  energy 
strategy,  DOD  is  exploring  several  renewable  energy  sources  for  feasibility.  One  of  these 
sources  is  turning  waste  into  energy,  WtE. 

A  leading  location  of  a  WtE  facility  is  Eort  Bliss,  Texas.  Eort  Bliss  is  considering 
a  hybrid  WtE  facility  augmented  by  solar  energy  in  the  form  of  concentrating  solar 
power.  With  the  right  energy  security  partnership,  a  WtE/CSP  facility  on  Port  Bliss 
would  require  no  capital  or  operating  costs;  therefore,  the  increased  cost  of  electricity  is 
the  overarching  cost.  Though  this  cost  is  significant  compared  to  the  current  cost  of 
electricity,  a  WtE/CSP  facility  provides  energy  security  and  environmental  benefits  to  the 
Army  and  the  community.  This  Cost  Benefit  Analysis  of  a  Waste  to  Energy 
(WtE)/Concentrating  Solar  Power  (CSP)  Hybrid  Pacility  located  on  Port  Bliss  is  a 
comprehensive  analysis  of  the  costs  and  benefits  of  a  WtE/CSP  facility  to  the  Army. 
This  thesis  monetizes  the  benefits  of  energy  security  and  environmental  impact,  along 
with  the  benefits  of  meeting  legislative  mandates  and  meeting  installation  Net  Zero 
Energy  goals. 

A  WtE/CSP  facility  on  Port  Bliss  will  assist  the  Army  in  meeting  multiple 
Eegislative  and  Presidential  mandates  for  renewable  energy  production  and  consumption. 
Port  Bliss  is  well  located  to  capitalize  on  WtE/CSP  potential.  Similar  to  wind  and  solar 
renewable  energy  production,  WtE/CSP  renewable  energy  production  cost  more  than 
fossil  fuel  energy  production.  Similar  to  those  same  forms  of  energy,  there  are  non-cash 
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benefits  of  WtE/CSP  renewable  energy  production  that  need  to  be  monetized  to  fully 
determine  the  net  present  value  of  a  project.  This  thesis  estimated  the  costs  and  benefits 
based  on  Fort  Bliss’  projected  electricity  demands,  the  potential  environmental  impacts, 
and  the  potential  energy  security  benefit.  The  thesis  then  conducted  sensitivity  analysis 
around  potential  prices  of  electricity  and  variations  in  the  benefit  values  to  explore 
changes  to  the  net  present  value  of  a  WtE/CSP  project. 

This  thesis  found  that  though  annually  the  Army  will  pay  more  for  electricity  on 
Fort  Bliss  by  using  a  WtE/CSP  system,  when  including  the  full  benefits  of  energy 
security  and  environmental  impact,  a  WtE/CSP  facility  is  a  good  decision. 
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I.  INTRODUCTION 


A.  BACKGROUND 

1.  Importance  of  Renewable  Energy  on  Fort  Bliss 

In  his  State  of  the  Union  address  on  24  January  2012,  President  Obama  ealled  for 
an  “all-out,  all-of-the-above  strategy  that  develops  every  available  souree  of  Ameriean 
energy”  (Obama,  2012).  The  Department  of  Defense  (DOD)  has  taken  up  that  ehallenge 
and  beeome  a  leader  in  developing  Ameriean  energy.  DOD  is  the  nation’s  largest  single 
eonsumer  of  energy.  In  addition  to  over  100  million  barrels  of  fuel,  DOD  eonsumed  3.8 
billion  kilowatt  hours  (kWh)  of  eleetrieity  in  2006  at  a  eost  of  over  $3.5  billion  (Defense 
Seienee  Board,  2008).  As  our  nation  becomes  more  aware  of  the  dangers  of  energy 
dependence  and  the  environmental  impacts  of  fossil  fuel  consumption,  DOD  chose  to 
lead  the  way  toward  energy  security.  As  part  of  that  leadership,  DOD  set  a  goal  of 
obtaining  25  percent  of  its  electricity  from  renewable  sources  by  2025.  Unfortunately, 
DOD  also  faces  current  and  projected  budgetary  constraints.  In  order  to  reach  this 
renewable  energy  goal  without  spending  billions  of  dollars  from  a  dwindling  budget, 
DOD  needs  businesses  with  which  to  form  energy  security  partnerships.  These 
businesses  will  build  the  renewable  energy  projects  on  DOD  land  while  DOD  agrees  to 
purchase  power  from  the  businesses.  Forming  these  partnerships  benefits  DOD  because 
it  has  lots  of  land  available  and  an  increasing  need  for  electricity;  but  it  does  not  have  the 
money  or  experience  to  build  electrical  power  facilities.  Enticing  businesses  to  build  the 
renewable  energy  projects  to  help  DOD  meet  its  goals  continues  to  be  a  challenge.  For 
business,  the  focus  is  financial.  For  DOD,  the  challenge  involves  finances,  but  also 
includes  energy  security  and  environmental  stewardship. 

Energy  security  continues  to  increase  in  importance.  Over  99  percent  of  electrical 
energy  consumed  by  DOD  originates  off  of  installations  (Defense  Science  Board,  2008). 
Concerns  about  rising  energy  prices,  energy  demands  of  critical  missions,  and  threats  to 
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fragile  power  grids  have  risen  in  reeent  years.  Major  regional  power  outages  eaused  the 
Army  to  inerease  foeus  on  energy  seeurity  to  eritieal  missions  on  installations.  Some 
examples  of  these  power  outages  follow. 

In  August  2003,  approximately  50  million  people  in  over  9,000  square  miles  in 
the  northeastern  United  States  and  Canada  lost  eleetrieal  power.  Aeeording  to  a  study  by 
the  Defense  Seienee  Board,  243  power  plants  shut  down  and  twenty  two  nuelear  power 
plants  shut  down.  Though  eleetrieity  was  restored  to  many  areas  within  several  hours,  it 
took  almost  two  weeks  for  all  the  power  plants  to  regain  full  eapaeity.  Some  areas  lost 
drinking  water  when  pumps  failed  beeause  of  the  outage.  In  one  ease,  the  outage  eaused 
a  ehlorine  leak  at  a  ehemieal  plant.  In  other  eases,  raw  sewage  spilled  into  waterways  as 
the  outage  eaused  sewage  systems  to  fail.  Amtrak’s  rail  serviee  was  disrupted  in  eertain 
areas  due  to  laek  of  power.  Many  gas  stations  elosed  due  to  laek  of  power,  eausing  long 
lines  at  those  that  remained  open.  Certain  East  Coast  oil  refineries  and  eellular 
eommunieation  towers  shut  down  due  to  laek  of  baek-up  power.  The  U.S. -Canadian 
Border  eheeking  systems  no  longer  funetioned,  eausing  a  severe  trueking  baek  log. 
Investigations  determined  the  main  eause  of  the  regional  blaekout  to  be  improperly 
trimmed  trees  near  a  power  line  in  Ohio  (Defense  Seienee  Board,  2008).  This 
demonstrates  how  easily  and  remotely  the  power  grid  ean  be  shut  down,  and  this  time  by 
a  simple  line  entangled  in  a  tree. 

Another  example  oeeurred  in  September  2011  when  over  3  million  people  in 
Southern  California,  Arizona,  and  Northern  Mexieo  lost  eleetrieal  power.  Nuelear 
reaetors  near  San  Diego  were  taken  offline  beeause  of  the  blaekout,  and  many  beaehes 
were  elosed  after  3.2  million  gallons  of  raw  sewage  spilled  from  waste  water  treatment 
plants  that  lost  power.  Outgoing  flights  from  San  Diego’s  main  airport  were  grounded, 
and  freeways  were  elogged  in  the  midst  of  100  degree  temperatures.  The  outage  was  due 
to  a  seheduled  maintenanee  operation  in  Arizona  that  inadvertently  affeeted  millions 
more  than  expeeted  for  mueh  longer  than  expeeted  (Fox  News,  2011). 

The  power  grid  presents  an  easy  target  for  sabotage  or  terrorist  aetivity  beeause 

the  grid  remains  relatively  unproteeted.  While  power  plants  operate  at  near  peak 

eapaeity,  the  overall  distribution  system  has  beeome  very  eentralized  with  little 
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redundancy.  With  little  planning,  a  small  number  of  saboteurs  could  shut  down  power  to 
significant  areas  for  an  extended  period  of  time.  Insurgents  in  Iraq  used  attacks  on  the 
power  grid  as  a  simple  technique  to  destabilize  the  government  (Defense  Science  Board, 
2008).  Similar  attacks  in  the  United  States  would  not  destabilize  our  government,  but 
they  could  cause  a  very  expensive  reaction  as  the  government  rushes  to  harden  the 
vulnerable  electrical  grid  system.  The  grid  becomes  more  vulnerable  to  cyber-attacks  as 
control  systems  are  increasingly  automated. 

Over  the  past  three  years,  the  El  Paso  area  has  suffered  several  smaller,  localized 
power  outages  for  various  reasons.  In  March  2009,  approximately  100,000  people  lost 
power  for  three  hours  after  a  car  crashed  into  a  power  line  pole.  The  damaged  electric 
pole  carried  high  voltage  wires  which  touched,  causing  a  safety  mechanism  to  shut  down 
power  to  those  lines  (KTSM  News,  2009).  In  201 1,  El  Paso  had  multiple  power  outages. 
On  June  6,  two  major  transmission  lines  went  down  causing  safety  mechanisms 
throughout  the  area  to  begin  shutting  down  power  affecting  over  163,000  people. 
Though  many  regained  power  in  less  than  an  hour,  several  thousand  did  not  have  power 
restored  for  almost  three  hours  (KTSM  News,  2011a).  On  June  13,  faulty  breakers 
caused  a  power  outage  for  over  7,500  people  (KTSM  News,  2011c),  and  on  June  27 
mylar  balloons  caught  in  power  lines  caused  a  power  outage  for  about  4,000  people 
(KTSM  News,  2011b). 

Energy  security  coupled  with  increasing  regulatory  mandates  for  energy 
consumption  prompted  the  Army  to  expand  its  pursuit  of  renewable  energy  sources  to 
meet  growing  requirements.  On  April  19,  201 1,  the  Army  designated  Eort  Bliss  as  one  of 
two  pilot  Net  Zero  installations  for  Energy,  Waste,  and  Water.  This  means  Eort  Bliss  will 
strive  to  become  Net  Zero  Energy,  Net  Zero  Waste,  and  Net  Zero  Water  in  the  coming 
years.  Net  Zero  Energy  requires  Eort  Bliss  to  produce  as  much  energy  on-installation  as 
it  consumes  annually.  Net  Zero  Waste  aims  to  reduce,  reuse,  and  recover  waste  streams 
in  order  to  convert  them  into  resources  of  value  with  zero  solid  waste  to  landfills.  Net 
Zero  Water  strives  to  limit  consumption  of  freshwater  through  conservation  and 
reclamation  (Guiney,  2011). 
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To  address  energy  seeurity  concerns,  meet  legislative  mandates,  and  achieve  Net 
Zero  installation  goals.  Fort  Bliss  is  actively  seeking  on-installation  renewable  energy 
projects.  This  thesis  focuses  on  one  part,  waste  to  energy  (WtE),  of  the  installation’s 
overall  renewable  energy  strategy.  WtE  is  the  conversion  of  waste  into  energy.  Eort 
Bliss  has  shown  interest  in  having  a  WtE  facility  built  on  its  installation  by  both  issuing  a 
request  for  information  to  industry  in  2011  (Tomlinson,  2011b),  and  taking  steps  to 
prepare  an  environmental  impact  statement  (Department  of  the  Army,  2012). 
Construction  of  a  WtE  facility  on  Eort  Bliss  provides  a  large  step  toward  meeting  the 
Army’s  mission  of  achieving  25  percent  renewable  energy  consumption  by  the  year 
2025.  It  also  meets  Eort  Bliss’  mission  to  become  Net  Zero  Energy  and  Net  Zero  Waste 
by  2020.  A  WtE  facility  actually  goes  well  beyond  Eort  Bliss’  Net  Zero  Energy  mission. 
That  mission  requires  the  installation  to  become  Net  Zero  Energy  based  on  2003  baseline 
energy  consumption.  A  WtE  facility  makes  Eort  Bliss  truly  Net  Zero  Energy  by 
producing  100  percent  of  its  electricity  based  on  this  year’s  electricity  consumption  and 
every  year’s  electricity  consumption  for  the  foreseeable  future. 

2.  Legislative  Mandates  Governing  Renewable  Energy  and  DOD 

The  Energy  Policy  Act  of  2005  (EPACT05)  requires  federal  agencies  to  obtain  at 
least  7.5  percent  of  their  electricity  from  renewable  sources  beginning  in  fiscal  year  (EY) 
2013.  Proposed  legislation.  Senate  Bill  1321,  would  have  increased  this  requirement  to 
15  percent  by  EY  2015.  The  Senate  Bill  eventually  became  law  as  the  Energy 
Independence  and  Security  Act  of  2007,  but  the  renewable  energy  provisions  were  not 
included  in  the  final  bill.  These  provisions  are  likely  to  be  introduced  in  future 
legislation. 

The  National  Defense  Authorization  Act  of  2007  (NDAA07)  requires  that  25 
percent  of  DOD’s  electricity  come  from  renewable  sources  by  2025.  Prior  to  passage, 
DOD  had  set  similar  voluntary  renewable  energy  goals.  The  Army  adopted  this  target 
while  the  Navy  set  an  aggressive  goal  of  50  percent  electricity  coming  from  renewable 
energy  by  2020. 


4 


Executive  Order  13423  reiterates  the  requirements  of  EPACT05  and  adds  that  50 
percent  of  the  renewable  energy  sources  be  “new”  sources.  New  sources  are  defined  as 
those  put  into  service  after  January  1,  1999.  The  executive  order  requires  to  the  extent 
feasible,  that  the  renewable  energy  be  produced  on  federal  property  for  use  by  the  federal 
government.  E.O.  13423  defines  renewable  energy  as  energy  produced  from  solar,  wind, 
biomass,  landfill  gas,  ocean  (including  tidal,  wave,  current,  and  thermal),  hydrokinetic, 
geothermal,  municipal  solid  waste  (MSW),  or  new  hydroelectric  generation  capacity 
achieved  from  increased  efficiency  or  additions  of  new  capacity  at  an  existing 
hydroelectric  project  (Pacific  Northwest  National  Eaboratory,  2009). 

Executive  Order  13514  requires  Eederal  agencies  to  establish  greenhouse  gas 
emission  reduction  targets  for  2020  (U.S.  EPA,  2011a).  In  January  2010,  DOD 
announced  a  target  greenhouse  gas  emissions  reduction  of  34  percent  by  2020.  This 
reduction  applies  to  facilities  and  fleet  vehicles  exempting  tactical  vehicles  (Department 
of  Defense,  2010). 

3,  Army  Energy  Security  Strategy 

The  Strategic  Energy  Security  Goals  of  the  Army  Energy  Security 
Implementation  Strategy  are  (Army  Senior  Energy  Council,  2009); 

•  Reduce  energy  consumption 

•  Increase  energy  efficiency  across  platforms  and  facilities 

•  Increase  use  of  new  renewable  and  alternative  energy 

•  Assure  access  to  sufficient  energy  supplies 

•  Reduce  adverse  impacts  on  the  environment 

The  Army  considers  energy  security  a  critical  priority  for  Army  installations, 
weapon  systems,  and  operations.  The  core  characteristics  defining  the  energy  security 
necessary  for  the  full  range  of  Army  missions  include  supply,  surety,  survivability, 
sufficiency,  and  sustainability.  These  characteristics  are  defined  below  (Army  Senior 
Energy  Council,  2009). 
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Supply  refers  to  aeeessing  alternative  and  renewable  energy  sources  available  on 
installation.  The  military  often  focuses  on  solar,  wind  and  geothermal,  but  WtE  qualifies 
as  one  of  Fort  Bliss’  multiple  renewable  energy  resources. 

Surety  refers  to  preventing  the  loss  of  access  to  power  and  fuel  sources.  Due  to 
dependence  on  the  commercial  electricity  grid  for  installation  energy.  Fort  Bliss  is 
vulnerable  to  service  disruptions  and  critical  missions  face  serious  and  growing  risk. 

Survivability  refers  to  ensuring  resilience  in  energy  systems  meaning  the  ability  to 
withstand  or  recover  quickly  from  electricity  disruption.  Since  a  connection  to  the  off- 
installation  grid  remains  with  the  construction  of  a  WtE  facility.  Fort  Bliss  can  draw 
power  from  the  outside  grid  in  the  unforeseen  event  that  a  WtE  facility  sustains  a  loss  of 
power. 

Sufficiency  refers  to  providing  adequate  power  for  critical  missions.  Critical 
missions  and  power  requirements  of  those  missions  can  change  over  time.  Since  a  WtE 
facility  does  not  experience  intermittent  production  of  power,  which  is  normal  for  solar 
and  wind  renewable  energy  projects;  an  on- installation  WtE  facility  can  provide  100 
percent  of  the  electricity  needed  by  Fort  Bliss  100  percent  of  the  time. 

Sustainability  refers  to  promoting  support  for  the  Army’s  mission,  its  community, 
and  the  environment.  In  regards  to  energy  security,  it  is  promoting  the  success  of  critical 
missions  while  considering  the  impact  to  the  environment  and  the  surrounding 
community.  Reducing  the  environmental  impact  of  producing  installation  electricity  has 
become  increasingly  important.  The  Army  committed  itself  to  being  good  stewards  of 
our  environment.  Energy  used  by  installation  facilities  accounts  for  26  percent  of  DOD’s 
energy  use,  but  it  accounts  for  40  percent  of  DOD’s  greenhouse  gas  emissions  (Deputy 
Under  Secretary  of  Defense  (I&E),  2011).  Many  factors  determine  the  exact  amount  of 
greenhouse  gas  emitted  by  landfills  containing  municipal  solid  waste. 

4,  Status  of  Electricity  at  Fort  Bliss 

In  FY2010,  Fort  Bliss  consumed  312,583  megawatt  hours  (MWh)  of  electricity. 
The  base  energy  load  was  30  to  40  megawatts  with  65.8  megawatts  peak  demand 
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(Tomlinson,  2011a).  Army  reorganization  efforts  resulted  in  Fort  Bliss  experieneing  300 
pereent  population  growth  and  a  doubling  of  on-installation  building  square  footage  from 
2005  to  2012  (Toufie,  2010).  As  population  and  faeility  expansion  continue,  electrical 
demand  will  continue  to  rise.  Along  with  increased  demand  comes  increased  cost  of 
electricity. 

El  Paso  Electric  Company  provides  Eort  Bliss  electricity  at  a  special  rate,  as 
described  below.  The  average  El  Paso  resident  pays  $0.1133  per  kWh  for  electricity. 
Electricity  sells  on  the  commercial  market  in  El  Paso  for  $0.0906  per  kWh  and  $0.0685 
per  kWh  in  the  industrial  contracts  on  average.  Port  Bliss  pays  a  blended  rate  of  $0,060 
per  kWh  (Tomlinson,  2011b).  Their  rate  plan  has  multiple  tiers  and  various  charges,  but 
this  analysis  uses  the  blended  rate  in  calculations  and  allows  the  decision  maker  to  alter 
the  blended  rate  in  the  Excel  analysis  tool.  Port  Bliss  benefits  from  both  large  scale 
industrial  contracting  and  electricity  rate  discounts  granted  to  military  installations  by  the 
State  of  Texas  under  the  Military  Preparedness  Act  in  2003.  The  law  provides  a  20 
percent  electricity  rate  discount  to  military  installations.  The  residential  customers  pay  a 
little  extra  each  year  to  offset  the  discount  (Schladen,  2010a). 

5.  Status  of  Waste  to  Energy  and  Concentrating  Solar  Power 

Concentrating  Solar  Power  (CSP)  uses  mirrors  to  concentrate  solar  energy  to  heat 
liquid  which  will  be  cycled  through  a  common  steam  power  generator  and  combined  with 
the  steam  from  a  WtE  facility.  Once  the  transfer  of  heat  completes,  the  heat  transfer 
system  recycles  the  liquid  back  through  the  mirror  concentrating  system  to  continue  the 
process.  There  are  different  types  of  CSP  systems  and  different  methods  for  WtE.  The 
analysis  by  the  National  Renewable  Energy  Eaboratory  of  a  potential  hybrid  CSP  and 
WtE  facility  for  Port  Bliss  recommends  the  parabolic  trough  CSP  system  combined  with 
a  mass  burn  WtE  facility  (WorleyP arsons,  2011). 

A  mass  burn  WtE  facility  produces  electricity  by  burning  municipal  solid  waste, 
commercial  waste,  or  other  forms  of  waste.  WtE  is  a  proven  source  of  renewable  energy. 
Worldwide,  over  900  WtE  facilities  produce  130  billion  kWh  of  electricity  and  process 
approximately  200  million  tons  of  municipal  solid  waste  per  day.  In  the  United  States, 
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86  WtE  facilities  operate  in  24  states  and  proeess  over  97,000  tons  per  day  of  municipal 
solid  waste  (Jacobi,  2011).  The  proposed  WtE  facility  on  Eort  Bliss  will  be  a  mass  bum 
facility  which  represents  the  most  mature  of  all  WtE  technologies.  Eigure  1  shows  the 
normal  layout  for  a  mass  bum  WtE  facility  (WorleyParsons,  2011).  The  waste  gets 
deposited  into  a  holding  facility  then  craned  into  the  furnace  where  the  temperature  can 
vary  by  the  design  of  the  facility.  The  furnace  powers  a  boiler  system  that  produces 
steam  for  eonversion  to  electricity.  The  air  eventually  moves  through  multiple 
detoxification  stages  to  ensure  the  emissions  fall  within  Environmental  Protection 
Agency  (EPA)  guidelines. 


Eigure  1 .  Typical  Eayout  for  a  Mass  Bum  WtE  Eacility 


Among  DOD  installations,  few  locations  have  the  three  attributes  needed  for  an 
economically  viable  WtE  facility: 

(1)  The  facility  must  have  enough  reliable  feedstock  to  burn  in  order  to  produce 
eleetricity  at  a  competitive  rate.  Eleetricity  rates  vary  city  by  city  and  state  by  state,  but 
generally  larger  WtE  facilities  produce  electricity  at  more  competitive  rates  than  smaller 
ones.  It  typically  takes  a  city  with  a  population  greater  than  500,000  to  produce  enough 
municipal  solid  waste  along  with  constmction  and  industrial  waste  as  feedstock  for  a 
WtE  plant.  El  Paso  has  a  population  of  649,121  (El.S.  Census  Bureau,  2012).  El  Paso 


8 


and  Fort  Bliss  could  provide  an  estimated  1  million  tons  annually  of  feedstoek  for  a  WtE 
faeility  on  Fort  Bliss  (Tomlinson,  2011b).  A  WtE  faeility  owner  must  seeure  eontraets 
with  the  loeal  municipalities  to  ensure  the  availability  of  feedstoek  before  eonstruetion  of 
the  faeility  begins.  The  City  of  El  Paso  has  been  a  huge  supporter  of  the  Eort  Bliss 
installation.  This  thesis  assumes  a  WtE  facility  owner  and  the  City  of  El  Paso  will  be 
able  to  reach  an  agreement  on  supplying  feedstoek  for  the  facility. 

(2)  The  loeation  of  a  WtE  faeility  must  be  within  sixty  miles  from  the  feedstoek  to 
be  eeonomically  feasible.  Eort  Bliss  sits  immediately  adjaeent  to  the  City  of  El  Paso 
providing  an  exeellent  loeation  for  a  WtE  faeility.  Eort  Bliss  has  a  vast  amount  of 
suitable  land  and  already  has  a  non-DOD  utility,  the  Kay  Bailey  Hutchinson  Desalination 
plant,  loeated  on  the  installation.  The  desalination  plant  represents  a  public-publie 
partnership  that  provides  potable  water  to  the  region  (Toufie,  2010). 

(3)  A  WtE  faeility  needs  a  reliable  eonsumer  of  its  eleetrieity.  Whether  an 
installation,  eity,  eounty,  or  utility  purchases  the  eleetrieity  generated  by  a  WtE  facility, 
the  owners  of  the  faeility  need  power  purchase  eontraets  to  ensure  the  eeonomie  viability 
of  a  WtE  faeility.  Eort  Bliss’  long  term  Net  Zero  Installation  goals  inelude  a  WtE 
faeility,  but  the  eeonomie  feasibility  remains  to  be  shown. 

6,  Status  of  Municipal  Solid  Waste  at  and  Near  Fort  Bliss 

Eort  Bliss  produees  approximately  14,000  tons  of  munieipal  solid  waste  annually 
(Paeifie  Northwest  National  Eaboratory,  2009).  Even  with  the  antieipated  300  pereent 
population  growth,  Eort  Bliss  will  not  generate  enough  munieipal  solid  waste  to  serve  as 
adequate  feedstoek  for  a  WtE  faeility  to  produce  eleetrieity  at  a  competitive  rate 
(MeCarthy,  2011).  Eurther  reducing  its  contribution  to  feedstock  needed  by  a  WtE 
faeility,  Eort  Bliss  reeently  began  a  eampaign  to  eliminate  as  mueh  waste  as  possible  by 
redueing,  reusing  and  reeovering  its  waste  stream. 

Reeyeling  plays  a  signifieant  role  in  redueing  the  waste  stream.  While  the 
national  average  pereentage  of  munieipal  solid  waste  reeyeled  has  more  than  doubled  in 
the  past  twenty  years,  reeyeling  rates  still  sit  at  approximately  34  percent  (U.S.  EPA, 
2011c).  Even  with  inereased  reeyeling  efforts  planned  by  Eort  Bliss,  there  is  a  realistic 
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limit  to  the  percentage  of  waste  that  can  be  recycled  or  reused.  Fortunately,  Fort  Bliss’ 
Net  Zero  Waste  goals  include  converting  waste  into  energy,  but  to  do  so  economically  on 
Fort  Bliss  would  require  including  waste  from  nearby  El  Paso. 

El  Paso  discards  over  415,000  tons  of  municipal  solid  waste  annually  (Pacific 
Northwest  National  Eaboratory,  2009).  Coupled  with  other  waste  discarded,  which  in 
most  regions  is  about  1.86  times  as  much  by  mass  as  municipal  solid  waste,  El  Paso 
discards  an  estimated  1.1  million  tons  of  waste  annually  into  landfills  (Waste  Permits 
Division,  2006). 

In  August  2010,  health  concerns  over  the  impacts  of  landfills  voiced  by  residents 
in  Sunland  Park,  New  Mexico  prompted  the  El  Paso  City  Council  to  reject  a  landfill 
contract  proposed  by  a  New  Mexico  landfill  company  that  would  have  paid  the  city  $2.5 
million  annually  to  continue  disposing  of  its  commercial  waste  in  the  landfill  in  Sunland 
Park.  In  addition  to  the  lost  revenue,  the  city  must  spend  $18.5  million  to  prepare  their 
own  landfills  to  handle  the  added  waste  disposal.  This  decision  highlights  the  concern 
that  citizens  and  lawmakers  have  over  the  long  term  health  and  environmental  impacts  of 
landfills  (Garcia,  2010).  As  concerns  about  the  impacts  of  landfills  grow,  available  land 
for  landfills  shrinks  causing  prices  for  landfill  disposal  to  continue  to  increase. 

7.  Status  of  WtE/CSP  Hybrid  Facility  on  Fort  Bliss 

According  to  a  Request  for  Information  response,  necessary  conditions  for  a 
WtE/CSP  hybrid  power  facility  on  Port  Bliss  to  be  economical  are  that  it: 

•  consume  1  million  tons  of  waste  annually; 

•  produce  approximately  664,000  MWh  of  electricity  annually; 

•  charge  $0,090  per  kWh  blended  rate  for  electricity;  and 

•  charge  $19  per  ton  for  waste  disposal  (as  specified  by  Port  Bliss). 

The  facility  requires  20  acres  for  a  WtE  portion  and  50  to  100  acres  for  the  CSP 
portion  (McCarthy,  2011).  The  facility  uses  private  capital  from  an  industry  developer 
that  requires  no  capital  investment  from  Port  Bliss  or  the  Army;  in  exchange  Port  Bliss 
enters  into  a  20  year  power  purchase  agreement  which  has  higher  electricity  rates  than 
Port  Bliss  currently  pays. 
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B,  THESIS  FOCUS 

1.  Benefits  of  the  Thesis 

The  focus  of  this  study  is  to  provide  a  comprehensive  analysis  of  the  costs  and 
benefits  to  Fort  Bliss  of  a  WtE/CSP  hybrid  power  facility.  Additionally,  this  thesis 
provides  a  methodology  to  quantify  in  financial  terms  achieving  renewable  energy  goals 
and  attaining  energy  security.  This  capability  can  benefit  hundreds  of  renewable  energy 
projects  across  DOD.  This  methodology  also  provides  a  more  comprehensive  way  to 
evaluate  alternative  energy  projects. 

2,  Research  Questions 

1 .  What  are  the  future  energy  demands  for  Fort  Bliss? 

2.  What  are  the  future  energy  costs  for  Fort  Bliss  under  the  current  energy 

production  methods? 

3.  What  are  the  future  energy  costs  for  Fort  Bliss  under  a  WtE/CSP  energy 
production  method? 

4.  What  are  the  future  waste  disposal  costs  for  Port  Bliss? 

5.  What  are  the  future  waste  disposal  costs  for  Port  Bliss  under  a  WtE/CSP 

energy  production  method? 

6.  What  monetized  values  are  associated  with  achieving  the  legislated 
mandates? 

7.  What  monetized  values  are  associated  with  the  environmental  impacts  of  the 
proposed  facility? 

8.  What  monetized  values  are  associated  with  achieving  DOD  and  Army  goals 
of  energy  supply,  surety,  survivability,  sufficiency,  and  sustainability? 

9.  The  above  questions  support  the  main  question:  Do  the  benefits  of  a 
WtE/CSP  facility  at  Port  Bliss  outweigh  the  increased  electricity  cost  over 
the  life  cycle  of  the  facility? 
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3,  Thesis  Scope 

The  purpose  of  this  study  is  to  provide  an  analysis  of  the  costs  and  benefits  to  the 
Fort  Bliss  installation  of  a  WtE/CSP  Hybrid  Facility  located  on  Fort  Bliss. 

This  study  will  estimate  the  future  energy  and  environmental  cost  to  the 
installation  based  on  increased  cost  of  electricity  provided  by  the  facility  and  projected 
electricity  demands.  This  study  will  also  provide  financial  estimates  of  benefits  to  the 
installation.  These  benefits  include,  but  are  not  limited  to,  achieving  legislated  mandates 
for  electricity  consumption,  achieving  DOD  goals  of  on-installation  energy  production, 
achieving  Army  Net  Zero  Energy  goals,  environmental  benefits  of  landfill  avoidance,  and 
energy  security  achievement. 

C.  THESIS  ORGANIZATION 

The  current  chapter  discussed  the  problem  of  energy  security,  the  legislation  that 
mandates  renewable  energy  use  by  DOD,  and  the  Army’s  strategy  toward  obtaining 
energy  security.  It  also  provided  status  of  electricity  consumption  at  Eort  Bliss,  WtE 
technology,  municipal  solid  waste  near  Eort  Bliss,  and  the  proposed  WtE/CSP  hybrid 
power  facility  for  Port  Bliss. 

Chapter  II  reviews  the  literature  relevant  to  this  thesis,  including  studies 
conducted  by  the  National  Renewable  Energy  Eab  and  a  report  published  by  the  Defense 
Science  Board  on  energy  security. 

Chapter  III  projects  electricity  consumption  based  on  recent  population  and 
facility  growth  at  Port  Bliss  and  estimates  future  costs  based  on  historic  electricity  rates. 

Chapter  IV  monetizes  non-cash  benefits  of  a  WtE/CSP  facility  to  Port  Bliss. 
These  benefits  are  energy  security,  environmental  benefits,  and  meeting  legislative 
mandates. 

Chapter  V  provides  sensitivity  analysis  for  key  variable  factors  and  provides 
results  on  the  costs  and  benefits  of  a  WtE/CSP  facility. 

Chapter  VI  concludes  and  suggests  areas  for  future  study. 
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II.  LITERATURE  REVIEW 


Renewable  Energy  Opportunities  at  Fort  Bliss,  Texas,  January  2009,  Pacific 
Northwest  National  Laboratory  (PNNL). 

PNNL  prepared  an  overview  of  renewable  resource  potential  on  the  Fort  Bliss 
installation  for  the  Army  Installation  Management  Command  Headquarters  (IMCOM). 
IMCOM  funded  the  study  following  the  2005  DOD  Renewables  Assessment.  The  study 
provides  an  overview  of  federal  renewable  requirements.  It  discusses  the  economic 
environment  for  renewable  projects  on  Fort  Bliss.  The  study  based  project  feasibility  on 
installation  electricity  costs.  Wind  energy  and  WtE  projects  surfaced  as  the  two  most 
promising  types  of  renewable  energy  projects. 

PNNL  analysis  showed  that  small  WtE  projects  using  only  waste  from  Eort  Bliss 
are  uneconomical  based  on  current  electricity  prices.  Using  the  assumption  of 
availability  of  municipal  solid  waste  from  nearby  communities  of  El  Paso  or  Eas  Cruces 
provided  enough  waste  to  make  a  larger  project  economically  feasible.  The  study  noted 
that  a  smaller  project  may  have  merit  based  on  the  benefits  of  energy  security  or  waste 
reduction. 

The  PNNL  study  discussed  WtE  opportunities  at  Eort  Bliss.  It  assumed  a 
maximum  economic  transport  distance  of  sixty  miles  which  does  include  both  El  Paso 
and  Eas  Cruces.  Other  PNNE  considerations  included  the  amount  of  electricity  that 
could  be  produced  from  the  municipal  solid  waste  sources.  Not  included  in  their  study 
was  the  availability  of  commercial  and  construction  waste.  The  study  did  consider  other 
sources  of  feedstock  for  a  WtE  facility  such  as  crop  residue,  manure  from  large  animal 
feed  lots,  forest  biomass,  and  dedicated  crops.  No  other  feedstock  provides  economical 
promise,  though  biosolids  from  local  wastewater  treatment  plants  may  provide  an 
additional  benefit  of  the  power  facility. 

The  study  recommended  Eort  Bliss  pursue  generating  electricity  from  municipal 
solid  waste.  It  recommended  Eort  Bliss  not  pursue  other  renewable  energy  projects  based 
on  economic  feasibility  at  the  time. 
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Analysis  of  Hybrid  Concentrating  Solar  Power  (CSP)/Waste-to-Energy(WtE) 
Plant  with  Common  Power  Bloek,  January  2011,  National  Renewable  Energy 
Eaboratory. 

In  January  2011,  the  National  Renewable  Energy  Eaboratory  funded 
WorleyParsons  Group  to  determine  the  teehnieal  feasibility  and  economics  of  operating  a 
hybrid  WtE/CSP  power  faeility.  The  study  foeused  more  on  the  teehnieal  options  of  the 
power  produetion  and  on  facility  configurations,  and  less  on  the  eeonomics  of  the 
options.  The  study  reeommended  mass  burn  as  the  most  eommereially  viable  teehnology 
for  a  hybrid  WtE/CSP  power  faeility.  Assuming  a  $20  per  ton  tipping  fee,  the  study 
estimated  the  cost  of  electricity  to  the  installation  between  $0,105  and  $0,113  per  kWh. 
The  study  discusses  the  basies  of  mass  bum  WtE  faeility  layout,  the  eomposition  of 
municipal  solid  waste  feedstock,  the  possibility  of  using  heat  energy  from  the  facility  in 
addition  to  electrical  energy,  and  comparisons  of  a  WtE  stand-alone  faeility  versus  the 
proposed  hybrid  WtE/CSP  facility.  The  study  concluded  a  hybrid  WtE/CSP  facility  is 
technically  mature  and  feasible. 

Municipal  Solid  Waste  Generation,  Recycling,  and  Disposal  in  the  Unites  States: 
Pacts  and  Pigures  for  2010,  U.S.  Environmental  Protection  Agency,  2011. 

The  report  provides  eolleeted  and  reported  data  on  the  generation  and  disposal  of 
municipal  solid  waste  in  the  United  States  from  1960  to  2010.  Along  with  tonnage  of 
waste  generated,  the  report  diseusses  tonnage  and  recyeling  pereentages  of  waste  at  the 
national  level. 

Response  to  Request  for  Information — ^Net  Zero  Energy  Port  Bliss,  Wheelabrator 
Teehnologies  Ine.,  Oetober  2011. 

Port  Bliss  sent  a  request  for  information  to  the  WtE  industry  with  speeific 
questions  about  the  economies  of  a  hybrid  WtE/CSP  power  faeility.  The  response  from 
Wheelabrator  Teehnologies  ineluded  information  about  electrieity  cost  per  kWh, 
feedstoek  availability,  power  generation,  financing,  and  power  purehase  agreements. 
Wheelabrator  also  introdueed  the  possibility  of  providing  proeess  steam  for  heating  and 
cooling  of  buildings  on  Port  Bliss  as  an  additional  benefit  of  a  WtE/CSP  projeet.  Por 
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electrical  cost,  the  Wheelabrator  response  stated  that  the  $0,090  per  kWh  was  the  best 
price  a  WtE/CSP  facility  could  provide.  The  Wheelabrator  response  used  $19  per  ton  as 
a  WtE  tipping  fee  which  is  a  restriction  given  in  the  Eort  Bliss  REI.  The  response 
assumed  that  the  local  area  could  provide  1  million  tons  annually  of  waste  feedstock. 

Report  of  the  Defense  Science  Board  Task  Eorce  on  POD  Energy  Strategy, 
Defense  Science  Board,  Eebruary  2008. 

The  Undersecretary  of  Defense  for  Acquisition,  Technology  and  Eogistics 
directed  the  Defense  Science  Board  to  investigate  several  energy  related  issues  facing 
DOD  including  identifying  alternative  energy  sources  for  facilities.  One  of  the  report’s 
conclusions  highlighted  military  installations’  dependence  on  the  commercial  power  grid 
with  all  its  vulnerabilities.  This  dependence  places  critical  military  and  homeland 
defense  missions  at  risk.  The  report  recommended  further  study  on  options  to  mitigate 
installation  energy  risk  like  higher  efficiency,  islanding,  renewable  resources,  distributed 
generation,  and  greater  commercial  grid  reliability.  The  report  covered  the  recent  major 
regional  power  outages  as  well  as  consequences  of  prolonged  power  outages.  The  report 
drew  similarities  between  DOD’s  energy  challenges  and  those  in  the  nation  at  large,  since 
improvements  to  one  will  benefit  the  other. 

Energy  Security:  Army  Priority  and  National  Imperative,  Office  of  the  Assistant 
Secretary  of  the  Army  (Installations  and  Environment),  April  2010. 

The  briefing  spotlighted  the  emphasis  placed  on  energy  security  and  the  initiatives 
that  are  underway  throughout  the  Army.  It  contains  a  list  of  initiatives  at  Eort  Bliss 
which  includes  a  potential  WtE/CSP  facility.  Because  it  is  focused  on  Army 
expeditionary  energy,  it  describes  many  emerging  technologies  for  deployed  forces.  The 
briefing  discusses  the  Army  Senior  Energy  Council  and  the  development  of  the  Army 
Energy  Security  Implementation  Strategy. 

GovEnergy  Conference  Brief:  Eort  Bliss  Renewable  Energy  Program,  Port  Bliss 
Directorate  of  Public  Works,  August  2010. 
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The  brief  captures  facts  from  Fort  Bliss’  recent  expansion  making  it  the  fourth 
largest  (by  population)  DOD  installation  with  a  300  percent  increase  from  2005  to  2012. 
Fort  Bliss’  building  square  footage  will  double  from  roughly  10  million  to  20  million 
square  feet. 
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III.  COST  ESTIMATES  FOR  PROVIDING  ENERGY 


A.  PREDICTED  ENERGY  PRICES  FOR  FORT  BLISS  UNDER  STATUS 

QUO 

If  a  WtE/CSP  facility  similar  to  the  recommendation  in  the  response  provided  to 
Fort  Bliss  by  Wheelabrator  Technologies  Inc.  gets  approved  and  built,  the  net  monetary 
cost  to  the  Army  is  the  difference  between  the  cost  of  electricity  plus  tipping  fees  under  a 
WtE/CSP  system  and  the  status  quo,  including  changes  over  time  in  electricity  prices  and 
electricity  demands. 

Because  of  the  recent  and  planned  growth  of  Fort  Bliss  in  both  population  and 
facility  square  footage,  historic  electricity  demand  data  could  not  be  used  to  accurately 
model  future  electricity  demand.  Past  electricity  demand  data  and  future  demand 
projections  based  on  planned  population  and  facility  growth  were  collected  from  a 
briefing  given  in  2010  by  the  Chief  of  Business  Operations  and  Integration  Division  of 
the  Fort  Bliss  Directorate  of  Public  Works  (Toufic,  2010).  Since  energy  efficiency  and 
conservation  efforts  are  ongoing  at  Fort  Bliss,  this  thesis  uses  a  projected  demand  based 
on  successful  energy  conservation  efforts.  Projections  are  provided  until  2025  with 
demand  beginning  to  level  off  after  2020  (Toufic,  2010).  In  the  absence  of  reliable  data 
to  continue  projections  out  further  and  since  the  projections  level  off  before  2025, 
electricity  demand  beyond  2025  is  held  at  500,000  MWh  as  seen  in  Figure  2. 
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Figure  2.  Fort  Bliss  Electricity  Demand  Projections 


Together  with  the  future  electricity  demand  predictions  for  Fort  Bliss,  the  future 
price  of  electricity  is  necessary  to  calculate  the  annual  cost  of  electricity  for  the 
installation.  Under  current  contractual  terms,  Fort  Bliss  pays  $0,060  per  kWh  for 
electricity.  Toward  the  end  of  each  contract  Fort  Bliss  negotiates  a  rate  schedule  with  El 
Paso  Electric  to  determine  the  price  the  installation  pays  for  electricity.  This  price  has 
traditionally  been  in  the  vicinity  of  the  industrial  rate  for  electricity,  which  is  historically 
well  below  residential  or  commercial  rates.  Historical  price  data  from  the  Energy 
Information  Administration  (EIA)  on  the  national  average  retail  industrial  price  of 
electricity  from  1997  through  2011  were  used  to  determine  the  annual  rate  of  increase 
(U.S.  EIA,  2012).  We  used  the  Consumer  Price  Index  (CPI)  from  the  Bureau  of  Eabor 
Statistics  to  adjust  for  inflation  (Bureau  of  Eabor  Statistics,  2012).  Applying  the  CPI 
indices  to  the  EIA  data  shows  that  over  the  past  ten  years  the  real,  inflation-adjusted,  rate 
fluctuates  between  $0,064  and  $0,068  per  kWh,  exhibiting  very  low  volatility.  Using 
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linear  regression  shows  the  real  annual  increase  in  industrial  price  of  electricity  has  been 
0  percent  as  seen  in  Figure  3.  Therefore,  0  percent  will  be  used  as  the  assumed  future 


rate  of  growth  in  real  electricity  prices  for  Fort  Bliss. 


Figure  3.  Average  U.S.  Industrial  Electricity  Rate  ($/kWh)  nominal  vs.  real 


B,  PREDICTED  ENERGY  PRICES  FOR  FORT  BLISS  UNDER  WTE 

SYSTEM 

Based  upon  a  $19  per  ton  tipping  fee  restriction  and  the  assumption  of  a  power 
purchase  agreement,  the  proposed  WtE  facility  will  provide  Eort  Bliss  with  electricity  at  a 
blended  rate  of  $0,090  per  kWh.  The  annual  increases  of  this  rate  are  negotiable  and 
sensitivity  analysis  can  be  done  to  determine  a  break-even  point  for  the  installation  with 
other  benefits  in  consideration.  Since  historic  industrial  electricity  rates  have  only 
increased  with  inflation  on  average,  this  analysis  assumes  the  rates  for  WtE/CSP 
produced  electricity  will  increase  with  inflation  only. 
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C.  FUTURE  WASTE  DISPOSAL  COSTS  FOR  FORT  BLISS 

Before  determining  how  mueh  Fort  Bliss  will  pay  in  future  disposal  costs,  the 
amount  of  waste  that  Fort  Bliss  will  dispose  of  must  be  determined.  Historical  data  on 
Fort  Bliss  municipal  solid  waste  disposal  was  not  available  to  build  time  series  prediction 
models.  Data  on  national  waste  disposal  from  the  Environmental  Protection  Agency 
(U.S.  EPA,  2011c)  were  used  to  fit  a  Double  (Brown)  Exponential  Smoothing  Model 
(SAS  Institute,  Inc.,  2009).  This  model  fit  the  data  well  with  an  AIC  value  of  188  and  an 
R  value  of  88  percent.  This  thesis  assumed  Eort  Bliss  would  follow  the  national  average 
municipal  solid  waste  disposal  rates.  The  Eort  Bliss  disposal  tonnage  was  divided  by  the 
national  average  disposal  tonnage  to  produce  a  ratio  to  adjust  future  predictions.  Eigure  4 
shows  the  estimated  discarded  waste  from  Eort  Bliss. 

A  similar  Double  (Brown)  Exponential  model  fit  to  the  discarded  waste  of  El 
Paso  showed  a  potential  setback  in  the  continued  economic  productivity  of  a  WtE 
facility.  After  the  year  2020,  the  model  shows  a  drop  in  available  feedstock  below  the 
target  1  million  tons  annually  desired  by  the  proposed  WtE  facility.  This  estimate  is 
consistent  with  the  national  decline  in  municipal  solid  waste  which  began  in  2005,  but  the 
availability  of  waste  from  nearby  communities  was  not  considered  in  this  thesis.  If  El 
Paso  cannot  meet  the  1  million  tons  annually  of  waste,  a  WtE/CSP  facility  can  get  the 
needed  feedstock  from  nearby  communities.  Eor  example,  the  city  of  Eas  Cruces  which 
is  fifty  miles  away  disposes  of  approximately  300,000  tons  of  municipal  solid  waste 
annually  (Pacific  Northwest  National  Eaboratory,  2009). 
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Figure  4.  Estimated  Municipal  Solid  Waste  Tonnage  Discarded  from  Fort  Bliss 

Tonnage  of  municipal  solid  waste  coupled  with  the  tipping  fee  per  ton  determines 
the  cost  of  future  waste  disposal  for  Fort  Bliss.  Tipping  fees  have  increased  over  200 
percent  since  1985.  From  1985  to  1998,  the  national  price  paid  for  tipping  fees  increased 
about  7  percent  annually.  Many  new  environmental  regulations  took  effect  during  that 
time  period.  Tipping  fee  increases  began  to  level  out  after  1998  at  approximately  1 
percent  annually  (Repa,  2006). 

Currently,  Fort  Bliss  pays  $19  per  ton  of  municipal  solid  waste  to  dispose  of  its 
waste  in  a  nearby  landfill.  This  fee  ranks  very  low  compared  to  tipping  fees  across  the 
nation.  In  2010,  the  national  average  tipping  fee  was  $43.99  (Repa,  2011).  In  August 
2010,  the  El  Paso  City  Council  took  steps  to  regulate  the  disposal  of  El  Paso  waste.  In 
2014,  all  commercial  and  municipal  solid  waste  produced  in  El  Paso  must  be  disposed  of 
in  the  landfills  owned  by  the  City  of  El  Paso.  This  change  increases  the  tipping  fee  per 
ton  of  waste  significantly.  Currently,  landfills  owned  by  the  City  of  El  Paso  charge  $26 
per  ton  of  waste  (Schladen,  2010b).  Sensitivity  analysis  in  Chapter  V  Section  B  includes 
the  recent  average  annual  increase  of  1.68  percent  and  will  show  the  effects  of  potential 
tipping  fee  increases  on  future  cost  of  waste  disposal. 
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D,  FUTURE  WASTE  DISPOSAL  COSTS  FOR  FORT  BLISS  UNDER  WTE 

SYSTEM 

The  proposed  WtE/CSP  faeility  eurrently  has  a  tipping  fee  of  $19  per  ton  for 
waste  disposal.  This  fee  will  inerease  annually  as  a  result  of  contraet  negotiations 
between  Fort  Bliss  and  a  WtE  faeility  owner.  A  WtE  faeility  has  the  long  term  eeonomie 
advantage  over  traditional  landfills  of  not  needing  additional  aereage  to  store  the  waste 
over  time.  Sensitivity  analysis  in  Chapter  V  Seetion  B  evaluates  the  potential  savings 
based  on  differenees  in  waste  disposal  tipping  fees  between  a  WtE  faeility  and  City  of  El 
Paso  landfills. 
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IV.  BENEFITS 


In  the  following  paragraphs,  we  present  the  methodologies  for  monetizing  the 
non-eash  benefits  of  energy  seeurity,  emissions  reduetion,  meeting  legislative  mandates, 
and  meeting  installation  goals.  Benefits  are  estimated  by  several  methodologies:  Federal 
law  sueh  as  the  renewable  energy  produetion  tax  eredit  (PTC);  financial  markets  such  as 
the  dollars  per  Metric  Ton  of  Carbon  Dioxide  Equivalent  (MTC02E)  and  the  price  of 
renewable  energy  certificates  (RECs);  and  pair-wise  comparisons  of  different  benefit 
streams,  these  pair-wise  rations  can  be  adjusted  by  the  decision  maker  in  the  Excel 
analysis  tool  accompanying  this  thesis. 

A.  ENERGY  SECURITY  BENEFITS 

This  section  describes  the  methods  used  to  measure  the  benefits  provided  by  a 
Fort  Bliss  WtE  facility  toward  energy  security  which  has  core  characteristics  of  supply, 
surety,  survivability,  sufficiency,  and  sustainability. 

1.  Achieving  Energy  Supply 

Energy  supply  refers  to  having  alternative  and  renewable  energy  sources  available 
on  installations.  It  is  hard  to  place  a  monetary  value  on  energy  supply  because  supply  is  a 
characteristic  of  a  larger  non-cash  goal  of  energy  security. 

This  thesis  chose  the  proxy  of  the  federal  renewable  energy  production  tax  credit 
to  measure  the  benefit  of  achieving  energy  supply.  This  proxy  seems  reasonable  because 
it  is  a  value  that  the  federal  government  implicitly  placed  on  renewable  energy 
production.  In  1992,  the  federal  government  first  established  the  renewable  energy 
production  tax  credit.  Congress  has  renewed  the  tax  credit  several  times  most  recently  in 
February  2009  under  House  Resolution  1.  The  credit  current  value  stands  at  $0,011  per 
kWh  for  energy  production  from  municipal  solid  waste  resources  (DSIRE,  2011). 

To  remain  conservative  with  the  valuing  of  benefits,  only  the  electricity  produced 
by  a  WtE  and  consumed  by  Fort  Bliss  will  be  credited  as  a  benefit  of  a  WtE  facility  to 
energy  supply.  A  WtE  facility  will  produce  over  160,000  MWh  of  electricity  that  will  be 
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sold  to  consumers  other  than  Fort  Bliss.  The  Fort  Bliss  consumption  increases  sharply 
over  the  first  five  years  of  the  contract  as  populations  and  facilities  eontinue  to  be  added 
to  the  installation.  Then  the  electricity  consumption  increases  at  a  much  slower  rate 
beyond  2020.  At  the  given  production  tax  credit  the  benefit  value  varies  between  $3.5 
million  in  2015  to  $1.2  million  in  2035  (FYIO)  using  an  inflation  rate  of  3  pereent  and  a 
discount  rate  of  3  percent. 

2.  Achieving  Energy  Surety 

Of  the  five  core  charaeteristics  of  the  Army  Energy  Security  goal,  surety 
encompasses  the  one  that  is  most  eommonly  understood.  When  people  think  of  energy 
security  they  most  often  think  of  ensuring  uninterrupted  power  to  installations.  However, 
monetizing  the  benefit  of  energy  surety  presents  a  ehallenge.  We  eould  not  find  a 
reasonable  proxy  with  available  data.  For  this  thesis,  the  value  of  surety  will  be 
considered  relative  to  the  eore  characteristie  of  supply.  In  the  ealculations,  we  estimate 
the  value  of  surety  as  equal  to  supply  and  sometimes  twice  the  value  of  supply,  but  allow 
the  deeision  maker  to  input  their  own  value  in  the  Exeel  analysis  tool  aecompanying  this 
thesis. 


3.  Achieving  Energy  Survivability 

A  WtE/CSP  facility  adds  a  great  amount  of  resilience  to  the  Eort  Bliss  energy 
systems  as  would  any  power  facility  located  on  installation.  Resilienee  comes  from  being 
able  to  disconnect  from  a  fragile  grid  system  during  times  of  power  outages  and  continue 
to  provide  power  to  Eort  Bliss.  Resilienee  also  eomes  from  having  the  ability  to  conneet 
to  the  off-installation  eleetric  grid  system  should  an  unforeseen  disaster  disrupt  eleetricity 
production  of  a  WtE/CSP  facility.  Monetizing  this  benefit  proves  to  be  diffieult.  The 
cost  of  providing  an  equivalent  level  of  resilienee  without  an  on-installation  faeility  is 
composed  of  the  cost  of  back-up  power  generators,  the  cost  of  storage  and  use  of  fuel  for 
generators,  possibly  a  smart  grid  system  for  rerouting  of  available  power,  and  the 
potential  cost  of  loss  of  power  over  time.  Eor  the  purpose  of  this  thesis,  we  value 
survivability  as  a  multiple  of  the  value  of  energy  supply.  We  begin  arbitrarily  at  half  the 
value  of  energy  supply  and  explore  sensitivities  to  that  value. 
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4,  Achieving  Energy  Sufficiency 

At  times,  the  Army  Energy  Seeurity  core  characteristics  seem  redundant. 
Achieving  energy  sufficiency  refers  to  ensuring  critical  missions  receive  power  and 
achieving  energy  surety  refers  to  preventing  the  loss  of  access  to  power  and  fuel  sources. 
It  becomes  difficult  to  distinguish  between  the  two  when  attempting  to  monetize  their 
benefits.  In  order  to  prevent  artificial  inflation  of  the  benefits  of  a  WtE  facility,  energy 
sufficiency  will  be  assigned  a  value  of  zero. 

5,  Achieving  Energy  Sustainability 

While  sustainability  is  one  of  the  five  core  characteristics  of  the  Army  Energy 
Security  mission,  the  Environmental  and  Health  Benefits  section  discusses  the  overall 
impact  of  the  benefit  to  the  local  and  global  environment;  therefore,  the  benefit  of 
sustainability  is  not  measured  separately. 

B,  ENVIRONMENTAL  AND  HEALTH  BENEFITS 

Many  of  the  environmental  and  health  concerns  with  landfills  stem  from  the 
emitting  of  landfill  gas  (LEG)  into  the  air  and  the  leaching  of  pollutants  into  groundwater. 
LEG  contains  methane,  carbon  dioxide,  volatile  organic  compounds  (VOC),  and 
hazardous  air  pollutants  (HAPs)  that  can  affect  the  environment  and  health  of  the  nearby 
population.  The  EPA  lists  methane  and  carbon  dioxide  as  greenhouse  gases  that 
contribute  to  global  climate  change.  VOC  emissions  contribute  to  smog  formation  which 
can  damage  vegetation  and  cause  respiratory  problems  in  people.  Exposure  to  HAPs  can 
also  cause  several  health  concerns  in  people  to  include  cancerous  illness,  respiratory 
illness,  and  central  nervous  system  damage  (U.S.  EPA,  2011b). 

The  EPA  Waste  Reduction  Model  (WARM)  allows  the  calculation  of  greenhouse 

gas  emission  reductions  based  on  the  projected  tonnage  of  waste  diverted  from  local 

landfills  and  combusted  in  a  WtE  facility  (U.S.  EPA,  2012).  The  normal  characterization 

of  waste  landfilled  in  Texas  shows  that  municipal  solid  waste  accounts  for  approximately 

35  percent  of  landfilled  waste.  Commercial  waste  represents  33  percent  followed  by 

Construction  and  Demolition  waste  at  19  percent  (Waste  Permits  Division,  2006).  These 

various  waste  streams  were  further  broken  down  into  material  types  such  as  paper,  wood, 

25 


food,  glass,  yard  trimmings,  branches,  mixed  organies,  and  mixed  plastics.  Tonnages 
based  on  their  pereentages  of  the  overall  landfilled  waste  were  entered  into  WARM, 
which  estimated  that  the  Fort  Bliss  WtE  facility  reduces  greenhouse  gas  emissions  by 
264,025  MTC02E  annually.  This  amount  of  reduetion  equates  to  removing  the  annual 
emissions  of  over  51,000  passenger  vehicles  or  conserving  over  29  million  gallons  of 
gasoline.  MTC02E  is  a  common  measurement  used  for  traeking  greenhouse  gas 
emissions  and  reduetions.  MTC02E  emission  reductions  have  social  and  environmental 
benefits,  whose  equivalent  monetary  value  may  be  inferred  from  market  prices  for  earbon 
credits.  More  detail  of  the  WARM  methodology  and  inputs  are  found  in  Appendix  A. 

The  carbon  credit  concept  began  as  a  result  of  inereased  awareness  of  the 
damaging  effect  greenhouse  gases  have  on  the  environment.  The  Kyoto  Protocol 
formalized  the  eoncept  by  proposing  capping  total  annual  emissions  and  letting  emission 
credits  be  traded  on  the  open  market.  In  the  Elnited  States,  whieh  did  not  agree  to  the 
Kyoto  Protoeol,  the  price  for  emission  eredits  remains  very  low  due  to  legal  challenges  to 
regulate  emission  totals.  The  price  for  emission  eredits  in  Europe  and  worldwide,  signals 
the  potential  price  for  emission  eredits  in  the  Elnited  States  should  politieal  or  cultural 
changes  oecur.  In  2010,  the  average  priee  per  MTC02E  on  the  Chieago  Climate 
Exehange  was  $0.10.  The  average  priee  per  MTC02E  on  the  global  voluntary  carbon 
market  during  the  same  year  was  $6.00  (Peters-Stanley,  Hamilton,  Mareello,  &  Sjardin, 
2011).  Recent  aetivity  in  regional  carbon  markets  signal  even  more  potential  for  the 
price  per  MTC02E  to  increase.  In  July  2012,  the  Australian  earbon  prieing  meehanism 
will  begin  with  an  initial  fixed  price  of  $23  per  MTC02E  (Bond  University,  2012).  If  the 
California  climate  legislation  AB32  survives  all  legal  challenges,  it  will  ereate  the 
world’s  second  largest  carbon  market  whieh  could  cause  priees  per  MTC02E  to  rise 
(Environmental  Eeader,  2011).  To  remain  conservative  with  benefit  estimations,  the 
2010  average  price  of  $0.10  is  set  as  the  default  priee  per  MTC02E. 

On  the  low  end  of  the  range,  $0.10  per  MTC02E,  the  benefit  of  reduced 
greenhouse  gas  emissions  due  to  a  WtE/CSP  faeility  on  Eort  Bliss  equates  to  $0.4  million 
(EYIO)  over  the  20  year  power  purchase  agreement.  On  the  high  end  at  $6.00  per 
MTC02E,  the  greenhouse  gas  emission  reductions  are  valued  at  over  $21.7  million 
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(FYIO)  over  the  20  year  power  purchase  agreement  using  an  inflation  rate  of  3  percent 
and  a  discount  rate  of  3  percent.  Since  Fort  Bliss  would  not  produce  all  of  the  waste,  it 
can  be  argued  that  it  should  not  claim  all  the  benefit  of  the  emission  reductions. 
However,  without  DOD’s  push  to  find  more  renewable  energy  solutions  and  the  Fort 
Bliss  support  in  providing  land  and  a  reliable  power  purchase  customer,  a  WtE/CSP 
facility  would  not  get  built  near  El  Paso  in  the  near  future.  This  thesis  credits  100  percent 
of  the  value  of  greenhouse  gas  emission  reductions  from  a  WtE/CSP  project  to  Port  Bliss 
and  explores  sensitivity  of  this  value  to  the  price  of  MTC02E. 

C.  MEETING  LEGISLATIVE  MANDATES  BENEFITS 

In  order  to  accomplish  the  congressionally  mandated  goal  that  25  percent  of 
installation  electricity  consumed  comes  from  renewable  sources  by  2025,  the  Army  will 
need  to  consume  2.1  million  MWh  annually  of  renewable  energy  (Lopez,  2011).  Prom  a 
WtE/CSP  facility  project  alone,  projections  seen  earlier  in  the  cost  section  show  that  Port 
Bliss  will  consume  500,000  MWh  annually  beginning  around  2020.  This  consumption 
amounts  to  over  20  percent  of  the  entire  Army’s  mandate.  No  penalties  for  not  meeting 
the  mandate  were  set  by  Congress,  making  it  difficult  to  monetize  the  actual  value.  Since 
Port  Bliss  buys  electricity  at  very  low  rates  and  tipping  fees  in  the  area  are  among  the 
lowest  in  the  nation,  the  legislative  mandates,  not  the  economic  arguments,  provide  the 
strongest  justification  for  building  a  WtE/CSP  facility.  Port  Bliss  has  the  great  fortune  of 
having  enormous  potential  for  renewable  energy  production  to  include  being  one  of  very 
few  installations  that  meet  the  economic  criteria  for  WtE  production. 

In  the  past,  one  way  to  meet  the  mandates  was  to  purchase  RECs,  but  E.O.  13423 
requires  50  percent  of  the  renewable  energy  to  be  produced  on  federal  property. 
Nevertheless,  the  price  of  RECs  is  used  as  a  proxy  to  determine  the  value  of  meeting 
legislative  mandates.  RECs  represent  the  environmental  attributes  of  the  power  produced 
and  can  be  sold  separately  from  the  electricity  produced.  Consumers  purchase  RECs 
either  from  their  local  utility  or  national  markets.  REC  prices  fluctuate  depending  on 
several  factors  such  as  volume  purchased,  region  of  generation,  year  of  generation,  and 
whether  the  REC  purchase  is  for  compliance  or  voluntary  reasons.  REC  prices  in  Texas 

range  from  $0,005  to  $0,030  per  kWh.  El  Paso  Electric  offers  RECs  at  $0.0192  per  kWh 
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(Department  of  Energy,  2010).  REC  purchase  provides  a  good  proxy  to  measure  the 
value  of  meeting  legislative  mandates.  The  Excel  analysis  tool  allows  the  decision  maker 
to  set  a  value  for  an  REC  and  determine  the  percentage  of  electricity  consumed  to  credit 
toward  meeting  legislative  mandates.  The  baseline  values  are  set  to  $0.0192  per  kWh 
with  the  assumption  that  100  percent  of  electricity  consumed  by  Eort  Bliss  is  renewable. 

D,  MEETING  NET  ZERO  ENERGY  GOALS  BENEFITS 

In  order  to  meet  the  installation  goal  of  becoming  Net  Zero  Energy,  Eort  Bliss 
will  need  to  produce  as  much  electricity  annually  as  it  consumes  above  the  2003  baseline 
of  203,000  kWh  of  electricity  (Toufic,  2010).  While  on- installation  production  of 
electricity  above  the  baseline  demand  will  meet  the  goal  technically,  a  WtE/CSP  facility 
can  meet  the  installation’s  entire  electricity  demand,  including  the  baseline  demand. 
Becoming  Net  Zero  Energy  is  a  goal  similar  to  achieving  energy  security.  In  order  to 
monetize  the  benefit  of  meeting  the  Net  Zero  Energy  goal,  we  compare  it  to  the 
monetized  values  of  energy  security.  The  Excel  analysis  tool  allows  the  decision  maker 
to  adjust  the  ratio  evaluation  of  Net  Zero  Energy  to  energy  security,  but  initially  the  ratio 
is  arbitrarily  set  to  0.50.  Sensitivity  analysis  in  Chapter  V  Section  B  explores  variations 
in  this  ratio.  Sensitivity  analysis  also  explores  changes  due  to  variations  in  the  value  of 
energy  security  dependent  on  PTC  and  the  supply-surety-survivability  relations. 
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V.  RESULTS  AND  OBSERVATIONS 


This  chapter  presents  the  ealculations  of  the  eosts  and  benefits  and  sensitivity 
analyses.  All  factors  except  the  emission  reduetion  MTC02E  provided  by  the  EPA’s 
WARM  can  be  adjusted  within  the  Excel  analysis  tool.  The  resulting  costs  and  benefits 
were  first  converted  to  millions  of  EYIO  dollars  and  then  summarized  as  a  present  value. 

The  inflation  rate  is  set  at  3  pereent,  but  can  be  modified  within  the  Excel  analysis 
tool  provided  with  this  thesis.  The  Office  of  Management  and  Budget  normally  sets  the 
discount  rates,  but  in  energy  projects  the  Department  of  Energy  sets  the  discount  rate 
aeeording  to  the  Eederal  Energy  Management  Program  (EEMP).  EEMP  currently  has  a 
minimum  discount  rate  of  3  pereent  which  is  used  in  these  calculations  (Rushing, 
Kneifel,  &  Eippiatt,  2011).  The  discount  rate  ean  be  adjusted  within  the  Excel  analysis 
tool  as  can  the  base  year,  eurrently  set  as  2010,  and  the  projeet  start  year,  eurrently  set  as 
2015. 

A.  BASE  CASE 

The  status  quo  for  this  thesis  is  no  WtE/CSP  faeility  being  built.  There  are  no 
benefits  to  ealculate  and  the  priee  of  electrieity  remains  at  the  status  quo  rate  of  $0,060 
per  kWh  as  provided  by  the  Eort  Bliss  RET  The  projected  electrieity  demands  remain  as 
seen  earlier  and  the  total  net  present  value  is  a  cost  of  $398  million  (NPV  EYIO)  over  the 
same  20  year  timespan  of  the  proposed  WtE/CSP  case.  This  thesis  may  not  have  fully 
captured  the  status  quo  cost  of  electricity  to  the  Port  Bliss  installation.  The  blended  rate 
of  $0,060  appears  low,  but  it  remains  the  target  rate  and  is  elose  to  the  national  industrial 
average.  Other  studies  have  used  blended  rates  for  Port  Bliss  as  high  as  $0,079  whieh 
may  not  inelude  the  savings  from  the  Texas  Military  Preparedness  Aet  of  2003  (Pacific 
Northwest  National  Eaboratory,  2009). 
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B,  WTE/CSP  CASE 

1.  Sensitivity  to  Price  of  Electricity 

As  shown  in  Figure  5,  seemingly  small  ehanges  in  the  priee  of  eleetrieity  make 
huge  differenees  in  the  overall  economies  of  a  WtE/CSP  case.  An  increase  of  $0.01, 
$0.02,  or  $0.03  per  kWh  results  in  a  reduced  overall  net  profit  of  $246,  $179,  and  $113 
million,  respectively  (NPV  FYIO)  over  the  20  year  power  purchase  agreement. 

Without  accounting  for  any  benefits,  for  every  $0.01  increase  in  the  price  per 
kWh  of  electricity  from  the  status  quo  rate  to  a  WtE/CSP  rate,  we  estimate  that  Port  Bliss 
pays  an  additional  $66  million  (PYIO)  over  a  20  year  power  purchase  agreement  as 
shown  by  the  negative  amounts  in  the  Electricity  Savings  bars  in  Pigure  5.  At  the 
currently  proposed  $0.03  difference  between  WtE/CSP  and  status  quo  blended  electricity 
rates,  we  estimate  that  Port  Bliss  pays  an  additional  $199  million  (PYIO)  over  a  20  year 
power  purchase  agreement.  These  numbers  account  for  inflation  and  no  benefit  from  any 
of  the  estimated  benefiting  factors.  Annually,  the  loss  begins  at  $11  million  (PYIO)  in 
2015  and  slowly  decreases  to  $7  million  (PYIO)  in  2035.  Pigure  5  shows  the  total  value 
of  Electricity  Savings  and  the  Net  Benefit  to  Port  Bliss  which  includes  all  benefits  set  at 
their  default  values  over  the  20  year  power  purchase  agreement.  The  x-axis  represents 
the  difference  in  the  price  of  electricity  from  a  WtE/CSP  rate  varying  from  $0,070  to 
$0,105  per  kWh  and  the  status  quo  rate  $0,060  per  kWh.  As  you  can  see,  the  closer  a 
WtE/CSP  rate  is  to  the  status  quo  rate  the  more  economically  attractive  a  WtE/CSP 
project  becomes.  Any  WtE/CSP  rate  above  $0,105  per  kWh  is  uneconomical  even  with 
the  benefits  included. 
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Figure  5.  Sensitivity  to  differenees  in  WtE/CSP  vs.  Status  Quo  eleetrieity  rates. 

2,  Sensitivity  to  Tipping  Fee  Price 

Overall  tipping  fees  eount  for  a  very  small  portion  of  the  potential  eosts  or 
benefits.  Figure  6  shows  the  estimated  eosts  or  benefits  based  on  differenees  between  the 
landfill  tipping  fee  and  a  WtE/CSP  tipping  fee.  The  x-axis  varies  from  an  eight  dollar  per 
ton  deerease  to  a  three  dollar  per  ton  inerease  in  tipping  fees.  The  default  is  that  a 
WtE/CSP  tipping  fee  will  be  seven  dollars  less  than  the  landfill  tipping  fee.  This  default 
is  based  on  a  WtE  tipping  fee  beginning  at  $19  per  ton  as  speeified  in  the  Port  Bliss  REI 
and  the  landfill  tipping  fee  beginning  at  $26  after  complying  with  recent  El  Paso  City 
ordinance  as  discussed  in  Chapter  III  Section  C.  As  seen  in  Pigure  6,  using  the  historic 
annual  increase  of  landfill  tipping  fees  in  the  region  adjusted  for  inflation,  1.68  percent, 
Port  Bliss  has  an  estimated  total  savings  of  approximately  $1.6  million  (PYIO)  in  waste 
disposal  cost  over  the  20  year  power  purchase  agreement.  Assuming  the  landfill  tipping 
fees  would  only  increase  with  inflation  results  in  a  total  of  $1.0  million  estimated  savings 
for  Port  Bliss.  It  is  possible  that  in  order  to  reduce  the  dollars  per  kWh  electricity  rate,  a 
higher  tipping  fee  would  be  charged,  but  the  tipping  fee  is  subject  to  contract 
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negotiations.  A  higher  WtE/CSP  tipping  fee  would  actually  benefit  Fort  Bliss  since  the 
installation  accounts  for  less  than  two  percent  of  waste  disposal  at  a  WtE/CSP  facility. 


Figure  6.  Cost/Benefit  per  dollar  tipping  fee  changes  (0%  vs.  1 .68%  annual  increase) 

3,  Sensitivity  to  Value  of  Emission  Reductions 

With  increasing  political  and  environmental  pressures,  the  value  per  MTC02E 
has  potential  to  increase  greatly  during  the  term  of  the  power  purchase  agreement.  The 
current  market  value  of  the  264,025  tons  MTC02E  emission  reductions  vary  from  $0.4 
million  to  $21.7  million  (FYIO)  over  the  20  year  power  purchase  agreement,  based  on 
$0.10  and  $6.00  per  MTC02E  respectively.  Figure  7  shows  potential  monetary  benefit 
up  to  $36.2  million  based  on  a  value  of  $10.00  per  MTC02E. 
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Figure  7.  Environmental  impaet  benefit  sensitivity  to  $/MTC02E 


4,  Sensitivity  to  Value  of  Energy  Security 

Since  energy  supply  uses  the  federal  renewable  energy  production  tax  credit  as  a 
proxy  value  and  both  energy  surety  and  energy  survivability  are  valued  in  relation  to 
energy  supply,  the  overall  value  of  energy  security  fluctuates  with  the  production  tax 
credit  value  as  seen  in  Eigure  8  below.  In  this  chart,  the  relations  between  supply,  surety, 
and  survivability  play  a  small  role  in  the  overall  values.  The  initial  default  relation 
portrays  supply  and  surety  as  equal  and  survivability  valued  at  half  of  supply.  The 
middle  bars  portray  all  three  of  equal  relative  value.  The  final  bars  show  the  values  with 
surety  being  twice  the  value  of  supply  and  survivability  being  of  equal  value.  The  default 
relation  along  with  the  default  production  tax  credit  price  of  $0,011  gives  a  benefit  of 
$122  million  (EYIO)  over  the  20  year  power  purchase  agreement. 
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Energy  Security  Sensitivity  To  PTC 
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Figure  8.  Energy  seeurity  sensitivity  to  PTC  at  varying  supply-surety-survivability 

relations 


5,  Sensitivity  to  Value  of  Meeting  Legislative  Mandates 

Meeting  legislative  mandates  represents  one  of  the  largest  driving  forces  in  most 
renewable  energy  projects  across  the  Army.  A  Fort  Bliss  WtE/CSP  facility  would 
potentially  provide  a  great  deal  of  the  renewable  energy  toward  those  mandates.  The 
Excel  analysis  tool  allows  the  decision  maker  to  determine  the  percentage  of  electricity 
consumed  from  a  WtE/CSP  facility  by  Fort  Bliss  credited  as  a  benefit  to  the  project.  The 
tool  also  allows  the  decision  maker  to  determine  the  price  of  the  REC  which  fluctuates 
greatly.  The  graph  in  Figure  9  shows  25  percent  consumption  versus  the  100  percent 
consumption  credited  to  the  project  and  varies  based  on  the  dollars  per  kWh  REC  price 
along  the  x-axis.  The  value  for  meeting  legislative  mandates  fluctuates  from  $8  million 
to  $232  million  (FYIO)  over  the  20  year  power  purchase  agreement.  The  default  REC 
price  of  $0.0192  per  kWh  represents  the  REC  price  available  from  El  Paso  Electric 
(Department  of  Energy,  2010).  The  default  percentage  of  100  percent  represents  all  of 
the  electricity  consumed  by  Fort  Bliss  from  a  WtE/CSP  facility  because  the  25  percent  by 
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2025  mandate  applies  Army-wide  not  installation  by  installation.  At  these  defaults  the 
value  of  meeting  legislative  mandates  becomes  $127  million  (FYIO)  over  the  20  year 
power  purchase  agreement. 


Meeting  Legislative  Mandates  Sensitivity  to  REC 
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Figure  9.  Meeting  legislative  mandates  value  based  on  REC  price  and  percent 

consumed  credited 

6,  Sensitivity  to  Value  of  Meeting  Net  Zero  Energy  Goals 

The  sensitivity  of  the  monetary  value  of  meeting  Net  Zero  Energy  goals  depends 
on  both  the  value  given  to  it  compared  to  energy  security  and  the  value  of  energy 
security.  To  capture  the  sensitivity  of  the  value  given  to  it  compared  to  energy  security, 
the  value  of  energy  security  remains  constant  as  the  values  assigned  to  meeting  Net  Zero 
Energy  goals  vary.  In  Eigure  10,  the  value  of  energy  security  is  set  at  its  default  value  of 
$122  million  (EYIO)  and  the  values  of  meeting  Net  Zero  Energy  goals  vary  from  0.10 
and  2.  This  causes  the  value  of  meeting  Net  Zero  Energy  goals  to  vary  from  $12  million 
and  $244  million  (EYIO)  over  the  20  year  power  purchase  agreement.  Using  the  default 
setting  of  0.50  the  value  of  meeting  Net  Zero  Energy  goals  becomes  $61  million  (EYIO). 
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Figure  10.  Meeting  Net  Zero  Energy  goal  value  eompared  to  energy  security  value 


To  capture  the  sensitivity  of  the  value  of  meeting  Net  Zero  Energy  goals  relative 
to  variations  in  energy  security  values,  the  comparable  value  of  meeting  Net  Zero  Energy 
goals  to  energy  security  is  set  at  the  default  of  0.50  while  energy  security  values  vary  as 
they  did  in  the  energy  security  sensitivity  analysis  seen  earlier.  Seen  in  Figure  11,  these 
values  vary  as  a  result  to  the  changes  in  value  of  energy  security.  Energy  security  values 
vary  based  on  the  renewable  energy  production  tax  credits  along  the  x-axis  and  the 
comparative  relations  of  supply,  surety,  and  survivability.  The  meeting  Net  Zero  Energy 
goals  vary  from  $39  million  on  the  low  end  to  $151  million  (FYIO)  on  the  high  end  over 
the  20  year  power  purchase  agreement. 
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Net  Zero  Energy  Sensitivity  to  Varying  Energy 
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Figure  1 1 .  Net  Zero  Energy  goal  value  with  varying  energy  security  PTC  and  relation 

values 
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VI.  CONCLUSION 


Based  solely  on  the  eeonomics  of  higher  eleetrieity  rates,  a  Fort  Bliss  WtE/CSP 
hybrid  power  faeility  represents  a  poor  business  deeision  by  the  Army  compared  to  the 
base  case  because  of  the  increased  cost  of  electricity  from  such  a  facility. 

Based  on  the  existing  Legislative  mandates,  a  Fort  Bliss  WtE/CSP  hybrid  power 
facility  represents  a  good  business  decision  by  the  Army  because  the  facility  provides  a 
large  percentage  of  the  required  electricity  from  renewable  sources.  A  WtE/CSP  facility 
single-handedly  produces  enough  electricity  to  meet  the  entire  installation’s  annual 
demand  well  into  the  future. 

A,  RECOMMENDED  FUTURE  STUDY 

A  health  benefit  not  covered  in  this  thesis  includes  the  prevention  of  landfill 
leachate  contaminating  local  landfills.  Federal  law  requires  modem  landfills  to  have 
liners  to  prevent  leachate  contamination,  but  many  residents  near  landfills  still  have 
concerns  about  leachate  contamination  of  underground  drinking  water  supplies.  An 
attempt  to  monetize  this  prevention  would  be  challenging  since  the  relationship  between 
uncommon  illnesses  and  landfill  leachates  is  very  difficult  to  link.  More  research  into 
landfill  leachate  illness  prevention  may  result  in  a  monetized  value  for  this  health  benefit 
along  the  lines  of  community  appreciation  for  not  having  landfills  nearby. 

Monetizing  energy  surety  independent  of  energy  supply  would  benefit  future 
analysis  of  energy  security.  One  path  would  be  to  first  monetize  energy  sufficiency,  then 
adjust  the  electrical  demands  of  critical  missions  to  the  electrical  demand  of  the  entire 
installation.  Once  the  large  increases  to  facilities  on  Fort  Bliss  are  complete  and  all 
critical  missions  are  identified,  an  electrical  demand  of  those  critical  missions  could  be 
accomplished  through  analysis  of  the  electrical  metering  system.  The  critical  demand 
data  would  not  be  easily  retrievable  and  could  require  a  classified  thesis.  The  electrical 
metering  data  would  probably  require  thesis  travel  to  Fort  Bliss. 

Other  benefits  not  explored  in  this  thesis  that  may  have  an  effect  on  the  value  of 
renewable  energy  projects  to  Fort  Bliss  or  other  military  installations  include  the  financial 
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benefit  of  the  creation  of  green  jobs,  the  financial  benefit  of  potential  carbon  tax  cost 
avoidance,  the  financial  benefit  of  meeting  Net  Zero  Waste  goal,  and  the  benefits  of 
contributing  to  Texas’  Renewable  Portfolio  Standard. 

Costs  not  explored  are  potential  negative  environmental  or  health  impacts 
attributable  to  a  WtE/CSP  facility.  These  benefits  and  impacts  are  extremely  difficult  to 
clarify  and  much  harder  to  monetize.  Another  cost  not  explored  is  the  cost  of  the  land  for 
a  WtE/CSP  facility.  Given  the  current  push  to  utilize  federal  lands  for  renewable  energy 
projects  and  the  unknown  exact  location  of  a  WtE/CSP  facility,  this  cost  may  be 
negligible. 

A  future  business  case  study  may  analyze  the  possibility  that  El  Paso  Electric  or 
the  City  of  El  Paso  buy  all  of  the  664,000  MWh  of  electricity  from  a  WtE/CSP  facility 
under  a  PPA  at  $0,090  per  kWh  and  sell  a  certain  amount  to  Port  Bliss  at  their  current 
electricity  rate  while  selling  the  rest  to  residents  under  the  residential  rate.  A  study 
objective  would  be  to  find  the  amount  of  renewable  energy  that  could  be  sold  to  Port 
Bliss  at  $0,060  and  still  be  profitable  for  the  PPA  buyer.  A  REC  premium  may  or  may 
not  be  charge  to  the  resident  in  the  analysis. 
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APPENDIX  A:  WASTE  REDUCTION  MODEL  METHODOLOGY 

AND  INPUTS 


The  U.S.  Environmental  Proteetion  Agency’s  (EPA)  Waste  Reduction  Model 
(WARM)  is  an  Excel  tool  created  to  assist  solid  waste  management  decisions  based  on 
greenhouse  gas  (GHG)  emissions  and  energy  usage  considerations.  WARM  allows 
decision-makers  to  compare  the  life-cycle  greenhouse  gas  emissions  and  energy  usage  for 
end-of-life  material  management.  WARM’S  five  waste  management  options  are 
recycling,  reduction,  landfilling,  waste  to  energy  (WtE),  and  composting.  WARM 
compares  a  baseline,  in  our  case  landfilling,  to  an  alternative  method,  in  our  case  WtE, 
and  provides  the  greenhouse  gas  emission  changes  and  the  energy  usage  changes  between 
the  waste  management  options.  WARM  uses  a  waste  generation  reference  point  rather 
than  raw  materials  extraction  reference  point  to  calculate  the  greenhouse  gas  emission 
changes  because  WARM  is  waste  management  focused.  EPA  has  collected  greenhouse 
gas  emission  information  on  thousands  of  materials  over  the  years  and  updates  WARM 
periodically.  This  thesis  uses  version  12  release  in  Eebruary  2012  (U.S.  EPA,  2012). 

WARM  allows  the  user  to  input  the  tonnage  and  type  of  materials  to  use  in  the 
waste  management  options.  Eor  this  thesis,  we  used  the  overall  tonnage  required  by  a 
Port  Bliss  WtE/CSP  facility,  1  million  tons.  The  types  of  material  are  estimated  based  on 
typical  municipal  solid  waste  content  (WorleyP arsons,  2011),  commercial  waste  content 
(CA  EPA,  2009),  and  construction  waste  content  (U.S.  EPA,  1998).  As  shown  in  Pigure 
12,  the  estimated  tonnage  of  waste  by  material  type  is  entered  into  the  baseline  waste 
management  option,  landfilling,  and  the  alternate  option,  combustion. 
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Material 

Tons 

Recvcied 

Tons 

Landfilled 

Tons 

Combusted 

Tons 

Comoosted 

Tons 

Generated 

Tons 

Source 

Reduced 

Tens 

Recvcied 

Tons 

Landfilled 

Tons 

Combusted 

Tons 

Comoosted 

Aluminum  Cans 

NA 

0.0 

- 

NA 

Aluminum  Ingot 

NA 

0.0 

- 

NA 

Steel  Cans 

NA 

0.0 

- 

NA 

Copper  Wire 

NA 

0.0 

- 

NA 

Glass 

25,920 

NA 

25920.C 

25.920 

NA 

HOPE 

NA 

0.0 

NA 

LDPE 

NA 

NA 

0.0 

NA 

NA 

PET 

NA 

O.C 

NA 

LLDPE 

NA 

NA 

0.0 

NA 

NA 

PP 

NA 

NA 

0.0 

NA 

NA 

PS 

NA 

NA 

0.0 

NA 

NA 

PVC 

NA 

NA 

O.C 

NA 

NA 

PLA 

NA 

0.0 

NA 

Corrugated  Containers 

NA 

0.0 

NA 

Magazines/ 1  hird-class  Mail 

NA 

0.0 

NA 

Newspaper 

NA 

0.0 

NA 

Office  Paper 

NA 

0.0 

NA 

Phonebooks 

NA 

0.0 

NA 

Teatbooks 

NA 

0.0 

NA 

Dimensional  Lumber 

NA 

0.0 

NA 

Medium-density  Fiberboard 

NA 

0.0 

NA 

Food  Scraps 

NA 

38.500 

38500.0 

NA 

38.500 

Yard  Trimmings 

NA 

42.000 

42000.0 

NA 

42.000 

Grass 

NA 

O.C 

NA 

Leaves 

NA 

0.0 

NA 

Branches 

NA 

20.000 

20000.0 

NA 

20.000 

Mixed  Paper  (general) 

210.870 

NA 

210870.0 

NA 

210.870 

NA 

Mixed  Paper  (primarily  residential) 

NA 

0.0 

NA 

NA 

Mixed  Paper  (primarily  from  ohices) 

NA 

0.0 

NA 

NA 

Mixed  Metals 

50.250 

NA 

50250.0 

NA 

50.250 

NA 

Mixed  Plastics 

88.630 

NA 

88630.C 

NA 

88.630 

NA 

Mixed  Recyclables 

NA 

0.0 

NA 

NA 

Mixed  Organics 

NA 

124.640 

124640.0 

NA 

NA 

124.640 

Mixed  MSW 

NA 

167.330 

NA 

167330.0 

NA 

NA 

167.330 

NA 

Carpet 

24.500 

NA 

24500.0 

24.500 

NA 

Personal  Computers 

20.500 

NA 

20500.C 

20.500 

NA 

Clay  Bricks 

NA 

11,400 

NA 

NA 

11400.0 

NA 

11.400 

NA 

NA 

Concrete  ’ 

NA 

NA 

0.0 

NA 

NA 

NA 

FIjrAsh  “ 

NA 

NA 

0.0 

NA 

NA 

NA 

T»es  ® 

NA 

0.0 

NA 

Asphalt  Concrete 

NA 

NA 

0.0 

NA 

NA 

11.400 

NA 

11400.C 

11.400 

NA 

Drywall 

51.300 

NA 

NA 

51300.0 

51,300 

NA 

NA 

Fiberglass  Insulation 

NA 

NA 

NA 

0.0 

NA 

NA 

NA 

Vinyl  Flooring 

NA 

NA 

0.0 

NA 

NA 

Wood  Floorina 

NA 

NA 

0.0 

NA 

NA 

Figure  12.  Estimated  waste  tonnage  by  type  entered  into  the  EPA  WARM 


Eigure  13  shows  the  nine  additional  inputs  into  the  WARM  ealeulations  and  the 
seleetions  used  for  this  thesis.  The  state  and  region  are  chosen  in  question  3.  Question  4 
applies  to  the  waste  management  option  source  reduction  not  used  in  this  thesis.  Question 
5a  requests  information  about  landfill  gas  control  systems.  The  national  average  is  used 
for  this  thesis.  Question  5b  asks  about  landfill  gas  recovery  methods.  In  2008,  a  large 
landfill  that  serves  the  Eort  Bliss  area  began  converting  its  landfill  gas  into  energy  so  the 
recover-for-energy  option  is  used  (U.S.  EPA,  2012).  Question  6a  refers  to  the  moisture 
conditions  of  the  municipal  solid  waste  in  the  landfill.  The  default  selection  is  used. 
Question  6b  refers  to  the  efficiency  of  the  landfill  gas  collection  system.  Again,  the 
default  setting  is  used.  Question  7a  asks  about  the  distances  traveled  by  municipal  solid 
waste  collection  vehicles.  Since  the  final  location  of  a  WtE/CSP  facility  is  unknown,  the 
default  setting  is  used.  Question  7b  is  a  follow  up  data  entry  point  for  question  7a. 
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3.  In  Older  to  account  lor  the  avoided  electricity-related  emissions  in  the  landfilling  and  combustion  pathways,  EPA  assigns  the  appropriate  regional  'marginal'  electricity  grid  mix  emission  factor  based  ( 
Select  slate  for  which  you  are  conducting  this  analysis. 


Please  select  state  or  select  national  average:  iTeHas 

Region  Location: 


West  South  Centrd 


4.  To  estimate  the  benefits  from  source  reduction,  EPA  usually  assumes  that  the  material  that  is  source  reduced  would  have  been  manufactured  from  the  current  min  of  virgin  and  recycled  inputs. 

However,  you  may  choose  to  estimate  the  emission  reductions  from  source  reduction  under  the  assumption  that  the  material  would  have  been  manufactured  from  100X  virgin  inputs  in  order  to  obtain  an  t 
bound  estimate  of  the  benefits  from  source  reduction.  Select  which  assumption  you  want  to  use  in  the  analysis.  Note  that  for  materials  lor  which  information  on  the  share  of  recycled  inputs  used  in  prod* 
or  is  not  a  common  practice:  EPA  assumes  that  the  current  miK  is  comprised  of  100X  virgin  inputs.  Consequently,  the  source  reduction  benefits  of  both  the  'Current  mix'  and  'lOOX  virgin'  inputs  are  thi ' 


Sa  The  emissions  from  landfilling  depends  on  whether  the  landfill  where  your  waste  is  disposed  has  a  landfill  gas  (LFG)  control  system.  If  you  do  not  know  whether  your  landfill  has  LFG  control,  select 
'National  Average'  to  calculate  emissions  based  on  the  estimated  proportions  of  landfills  with  LFG  control  in  2009  and  go  to  question  7.  If  your  landfill  does  not  have  a  LFG  system, 
select  'No  LFG  Recovery'  and  go  to  question  7.  If  a  LFG  system  is  in  place  at  your  landfill,  select  'LFG  Recovery'  and  click  one  of  the  indented  buttons  in  5b  to  indicate  whether  LFG  is  recovered  for  e 


Sb  If  your  landfill  has  gas  recovery,  does  it  recover  the  methane  for  energy  or  flare  it? 


6a  Which  of  the  following  moisture  conditions  and  associated  bulk  MSW  decay  rate  (k)  most  accurately  describes  the  average  conditions  at  the  landfill?  | 

The  decay  rates,  also  referred  to  as  k  values,  describe  the  rate  of  change  pet  year  (yr-1)  for  the  decomposition  of  organic  waste  in  landfills.  A  higher  average  decay  rate  means  that  waste  decomposes  L 
Dry  landfills  typically  receive  less  than  25  inches  of  tain  annually  while  Average  landfills  receive  more  than  25  inches  of  tain  annually.  Wet  landfills  ate  assumed  to  represent  a  landfill  that  receives  telath 
high  water  infiltration.  Bioreacior  landfills  include  landfills  to  which  water  is  added  until  the  moisture  content  teaches  40  percent  moisture  on  a  wet  weight  basis. 


6b  For  landfills  that  recover  landfill  gas,  the  landfill  gas  collection  efficiency  will  vary  throughout  the  life  of  the  landfill.  Based  on  literature  and  field  study  measurements  for  different  landfill  scenarios, 
the  typical  operation  landfills  represent  the  current  practice  at  most  landfills  that  capture  landfill  gas  in  the  United  States.  The  worst-cast  collection  represent  landfills  that  ate  just  barely 
in  compliance  with  EPA's  New  Source  Performance  Standards  (NSPS).  The  aggressive  gas  collection  best-case  recovery  scenario  for  bioreactor  landfills,  where  conditions  are  controlled 
in  order  to  achieve  decomposition  as  quickly  as  possible  and  to  collect  gas  aggressively. 


I  ^  Typai  guBbgi  - 
j  Q  Vi^st-cme 
I  Q  gaa  LiJtiLtiiji 


^cjewa/  yif-if-J  Sff-C  y'iMf4-?!-  7SX;  Y^^S-lOOrSS’i' 

Wcrst~c3ss  y^-0-5.  0:<;  Y^S-T:  TSX;  Y^-S-mSSX 

Y^J:25X:  Y^-^-3:50:<:  Y^-4-7:  75X;Y:Mfs3-m: 35X 


7a  Emissions  that  occur  during  transport  of 
transport  distances  for  the  various  MSW 


materials  to  the  management  facility  ate  included  in  this  model.  You  may  use  default  transport  distances,  indicated  in  the  table  below,  or  provide  information  on  i 
management  options. 


7b  If  you  have  chosen  to  provide  information,  please  fill  in  the  table  below.  Distances  should  be  from  the  curb  to  the  landfill,  combustor,  or  material  recovery  facility  (MRF). 
‘Please  note  that  if  you  chose  to  provide  information,  you  must  provide  distances  for  both  the  baseline  and  the  alternative  scenarios. 


Manaoement  OiMion 

Default 

Disianc 

Distance 

fMilesl 

Landfill 

20 

Combustion 

20 

Recycling 

20 

Comcosiino 

20 

Figure  13. 


Setting  used  in  the  EPA  WARM  to  predict  GHG  emission  reductions 
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